J 



Europalsches Patentamt 
European Patent Office 
Office europgen des brevets 



© Publication number: 



0 644 21 9 A1 



® 



EUROPEAN PATENT APPLICATION 



© Application number: 94114635.9 
© Date of filing: 16.09.94 



© int. CIA C08G 63/90, C08G 63/06, 
C08G 63/16 



© Priority: 20.09.93 JP 233363/93 


© Applicant: MITSUI TOATSU CHEMICALS, Inc. 


22.12.93 JP 323762/93 


2-5 Kasumigaseki 3-chome 




Chiyoda-Ku 


© Date of publication of application: 


Tokyo 100 (JP) 


22.03.95 Bulletin 95/12 


@ Inventor: Suizu, Hiroshi 




© Designated Contracting States: 


2882-2-37, lijlma-Cho, 


DE FR GB IT NL 


Sakae-Ku 




Yokohama-Shi, 




Kanagawa-Ken 244 (JP) 




Inventor: Takagi, Masatoshi 




2882-3-28, lijlma-Cho, 




Sakae-Ku 




Yokohama-Shi, 




Kanagawa-Ken 244 (JP) 




Inventor: Ajioka, Masanobu 




1172-3-202, Kamlkurata-Cho, 




Totsuka-Ku 




Yokohama-Shi, 




Kanagawa-Ken 244 (JP) 




Inventor: Yamaguchl, Akihiro 




1-13-24, Zaimokuza 




Kamakura-Shi, 




Kanagawa-Ken 248 (JP) 




© Representative: Strehl Schubel-Hopf Groening 




& Partner 




Maximilianstrasse 54 




D-80538 MUnchen (DE) 



t_ © Purification process of aliphatic polyester. 

< 

o 

3 

CO 



0. 

Ill 



© The invention is a purification process of an 
aliphatic polyester prepared in the presence of a 
catalyst from a hydroxycarboxylic acid or a cyclic 
ester of a hydroxycarboxylic acid, or a combination 
of an aliphatic polyhydric alcohol with an aliphatic 
polybasic acid, or a mixture of these compounds, 
comprising deactivating the catalyst while maintain- 
ing the aliphatic polyester in a molten or dissolved 
state, or insolubilizing and separating the catalyst 
and successively removing low molecular com- 
pounds; and can provide aliphatic polyester which 



has a low content of unreacted monomers and low 
molecular weight compounds and is excellent in heat 
resistance and weatherability. 
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Background of the Invention 

1 . Field of the Invention 

The present invention relates to a purification 
process of aliphatic polyester which is useful as a 
biodegradable polymer for substituting medical ma- 
terials and general purpose resins. More particu- 
larly, the invention relates to a purification process 
of aliphatic polyester in order to obtain aliphatic 
polyester which scarcely contains unreacted mon- 
omers and low molecular weight volatile compo- 
nents. 

2. Description of the Related Art 

As an aliphatic polyester, polylactic acid can 
be prepared from a cyclic dimer of lactic acid 
which is usually called lactide and the preparation 
process has been disclosed in U.S. Pat. 1 ,995,970, 
2,362,511 and 2,683,136. 

A copolymer of lactic acid and other hydrox- 
ycarboxylic acids can be usually prepared from 
lactide which is a cyclic dimer of lactic acid and a 
cyclic ester intermediate of hydroxycarboxylic acid 
(usually glycolide which is a dimer of glycolic 
acid). The preparation process has been disclosed 
in U.S. Pat. 3,636,956 and 3,797,499. When the 
polyester is prepared by direct dehydration poly- 
condensation of lactic acid or lactic acid and other 
hydroxycarboxylic acids, azeotropic dehydration 
condensation of raw materials, that is, lactic acid or 
lactic acid and other hydroxycarboxylic acids is 
carried out preferably in the presence of an organic 
solvent and catalyst. The azeotropically distilled 
solvent is dehydrated and substantially anhydrous 
solvent is returned to the reaction system. Such 
process can provide high molecular weight polylac- 
tic acid and a copolymer of lactic acid and other 
hydroxycarboxylic acids which have practical 
strength (EP Publication 0572675). 

As to preparation processes of aliphatic polyes- 
ter from aliphatic polyhydric alcohols and aliphatic 
polybasic acids, a process for providing high mo- 
lecular weight aliphatic polyester having practical 
strength has been disclosed in Japanese Laid- 
Open Patent Publication HEI 4-189822 and 4- 
189823. 

Japanese Laid-Open Patent Publication SHO 
62-25121 has been disclosed a process for prepar- 
ing high molecular weight polyglycoiide or polylac- 
tide by addition of a phosphoric acid or phosphorus 
acid compound in the course of polycondensation. 
The addition decreases activity of a tin catalyst and 
inhibits decomposition of the polymer which takes 
place with the polycondensation reaction in the 
preparation process of polyglycoiide or polylactide 
by direct polycondensation of glycolic acid or lactic 



acid in the presence of the tin catalyst. However, 
the weight average molecular weight of the poly- 
mer thus obtained is a few ten thousand at the 
highest (about 10,000 as a number average molec- 
5 ular weight), and hence, polymers which can en- 
dure practical use cannot be obtained by the meth- 
od. 

In these processes, the polymer obtained by 
melt polymerization is pelletized as intact and thus 

10 the catalyst used remains in the polymer. 

The remained catalyst is liable to cause a 
depolymerization reaction of the polymer due to 
heating in the later melt processing step and leads 
to a problem of generating deterioration of prop- 

75 erties by decrease in the molecular weight of the 
polymer. Further, monomers used as the raw ma- 
terial in these processes inevitably remains in an 
amount of several percents as unreacted materials 
in the polymer. It has also been known that lower 

20 boiling point impurities formed by the side reaction 
in the course of polymerization and low molecular 
weight volatile substances such as linear and cyclic 
oligomers remain in the polymer. The unreacted 
monomers and low molecular weight volatile sub- 

25 stances which are remained in the polymer lead to 
deteriorate the storage stability and processability 
of the polymer or to decrease in strength of formed 
materials. 

Consequently, the residual catalyst must be 

30 removed by purification in order to obtain an al- 
iphatic polyester which has a sufficiently high mo- 
lecular weight and does not contain the catalyst. 
For example, Japanese Laid-Open Patent Publica- 
tion SHO 63-145327 has disclosed a process for 

35 dissolving a catalyst containing polymer in a or- 
ganic solvent which is immiscible with water, and 
removing the catalyst by bringing the resultant 
solution into contact with water or an aqueous layer 
containing an inorganic acid, water soluble organic 

40 acid or water soluble complexing agent. The pro- 
cess, however, decreases contact efficiency for the 
aqueous layer when the polymer solution becomes 
viscous, and thus has a problem of requiring treat- 
ment with a dilute solution of the polymer having a 

45 concentration of 0.5 - 4.0 % by weight or a prob- 
lem of poor separation after mixing the organic 
solvent solution with the aqueous layer. Japanese 
Laid-Open Patent Publication SHO 63-254128 has 
disclosed a purification process by adding a pre- 

50 cipitating agent to the polymer solution in a field of 
turbulent shear flow. 

However, the process has poor efficiency for 
catalyst removal because catalyst removal and cry- 
stallization of the polymer are simultaneously pro- 

55 ceeded. Problems have also been found on ap- 
plication of the process in industry because of the 
need for specific equipment. The process for re- 
moving the catalyst from polyester derived from 
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aliphatic polyhydric alcohols and aliphatic poly- 
basic acids has not yet been known. 

As to a process for reducing the content of 
unreacted monomers and low molecular weight 
volatile substances. Japanese Laid-Open Patent 
Publication SHO 62-64824 has disclosed a purifica- 
tion process of the polymer by reprecipitation after 
polymerization. In the process, the polymer is dis- 
solved in a good solvent such as chloroform and 
the solution obtained is poured into a lean solvent 
such as methanol to precipitate the insoluble poly- 
mer alone and to remove the soluble monomer. 
The process, however, is unfavorable in industry 
because steps become complex and additionally 
yield of the polymer decreases. 

Japanese Laid-Open Patent Publication HEI 3- 
14829 has described a process for preparing a 
bioabsorbable polyester by reaction of glycolide 
and/or lactide. The process can prepare polyester 
having a low content of unreacted monomers and 
residual low molecular weight volatile substances 
by treating the reaction system under reduced 
pressure in the second half of the polymerization 
reaction and after the end of the reaction while 
maintaining the polymer in a molten state. How- 
ever, the polymer prepared by the process con- 
tains 0.3 - 0.9 % of unreacted monomers and the 
active catalyst remains in the polymer. Thus, the 
polymer is insufficient in heat resistance and 
weatherability and cannot provide a formed product 
which is durable for a long period of use. 

Summary of the Invention 

An object of the invention is to provide a pu- 
rification process for removing cheaply and with 
ease in industry the low molecular weight com- 
pounds such as an unreacted monomer and vola- 
tile substances which remain in the aliphatic poly- 
ester obtained by polycondensation reaction and to 
obtain the aliphatic polyester which has a low re- 
sidual amount of the unreacted monomer and low 
molecular weight volatile substances and is ex- 
cellent in heat resistance and weatherability. 

As a result of an intensive investigation in order 
to solve the above problems, the present inventors 
have found that an aliphatic polyester which has a 
low content of a low molecular weight compound 
and is excellent in heat resistance and weather- 
ability can be obtained by deactivating a catalyst, 
or by bringing an organic solvent solution of the 
aliphatic polyester into contact with an acid ma- 
terial to insolubilize and remove the catalyst in the 
aliphatic polyester while maintaining the aliphatic 
polyester in a molten or dissolved state, and suc- 
cessively conducting distillation or crystallization to 
remove the low molecular compound contained in 
the aliphatic polyester. Thus, the present invention 



has been completed. 

That is, the aspect of the invention is a purifica- 
tion process of an aliphatic polyester obtained in 
the presence of a catalyst from 
5 (i) an aliphatic hydroxycarboxylic acid, 

(ii) a cyclic ester of the aliphatic hydroxycarbox- 
ylic acid, 

(iii) a combination of an aliphatic polyhydric al- 
cohol and an aliphatic polybasic acid, or 

10 (iv) a mixture of the compounds selected from 
the above from (i) to (iii) which comprises de- 
activating the catalyst, or insolubilizing and sep- 
arating the catalyst while maintaining the al- 
iphatic polyester in a molten or a dissolved state 

75 and successively removing a low molecular 
compound. 

The present invention provides an aliphatic 
polyester which contains the deactivated catalyst or 
has a low content of the catalyst and the low 
20 molecular weight compound and is excellent in 
heat resistance and weatherability. 

Detailed Description of Preferred Embodiments 

25 Aliphatic polyester which can be used in the 

invention is a homopolymer or copolymer which is 
prepared from a hydroxycarboxylic acid or a cyclic 
ester of the hydroxy carboxylic acid, a polyester 
prepared by reacting an aliphatic polyhydric al- 

30 cohol with an aliphatic polybasic acid, and a poly- 
ester prepared from a mixture of these raw materi- 
als. 

These polymers are prepared by direct de- 
hydration polycondensation of raw materials such 

35 as a hydroxycarboxylic acid, aliphatic polyhydric 
alcohol and aliphatic polybasic acid, or by ring- 
opening polymerization of a cyclic ester intermedi- 
ate of hydroxycarboxylic acid in the presence of a 
catalyst, for example, by suitably using a 

40 copolymerizable monomer such as lactide which is 
a cyclic dimer of lactic acid, glycolide which is a 
dimer of glycolic acid and 6 -caprolactone which is 
a cyclic ester of 6-hydroxycaproic acid. 

Aliphatic polyester obtained by these pro- 

45 cesses preferably has a weight average molecular 
weight of 50,000 or more in order to have practical 
strength. Films and molded articles obtained by 
processing such aliphatic polyester exhibit satisfac- 
tory strength and toughness and can be applied as 

so intact to uses such as containers. 

The direct dehydration polycondensation is 
preferably carried out by azeotropic dehydration 
condensation of the raw materials such as the 
hydroxy carboxylic acid, aliphatic polyhydric al- 

55 cohol and aliphatic polybasic acid in an organic 
solvent in the presence of the catalyst. The 
azeotropically distilled solvent is more preferably 
dehydrated and a substantially anhydrous solvent 
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is returned to the reaction system. Such process 
can provide a high molecular weight aliphatic poly- 
ester. 

Raw materials of hydroxycarboxylic acid and 
cyclic ester which can be used in the invention 
include, for example, lactic acid, glycolic acid, 3- 
hydroxybutyric acid, 4-hydroxy butyric acid, 4- 
hydroxyvaleric acid, 5-hydroxyvaleric acid 6- 
hydroxycaproic acid, lactide, glycolide and € - 
caprolactone. When a molecule has an asymmetric 
carbon atom, D-isomer alone, L-isomer alone, and 
a mixture of D- and L-isomer that is, a racemic 
compound can also be used. 

Polyhydric alcohol raw materials which can be 
used have aliphatic hydroxyl groups and include, 
for example, ethylene glycol, diethylene glycol, 
triethylene glycol, polyethylene glycol, propylene 
glycol, dipropylene glycol, 1,3-butanediol, 1,4- 
butanediol, 3-methyl-1 ,5-pentanediol, 1 ,6-hex- 
anediol, 1,9-nonanediol, neopentyl glycol, poly- 
tetramethylene glycol, 1 ,4-cyclohexanedimethanol 
and 1 ,4-benzenedimethanol. 

Polybasic acid raw materials have aliphatic car- 
boxyl groups and include, for example, succinic 
acid, oxalic acid, malonic acid, glutaric acid, adipic 
acid, pimelic acid, suberic acid, azelaic acid, 
sebacic acid, undecanoic diacid, dodecanoic dia- 
cid, 1 ,4-phenylenediacetic acid and phenylsuccinic 
acid. 

Preferred combinations of the polyhydric al- 
cohol with the polybasic acid are those providing a 
polymer having melting point of 100 *C or more 
and include, for example, ethylene glycol and suc- 
cinic acid, 1 ,4-butanediol and succinic acid, and 
1 ,4-cyclohexanadimethanol and succinic acid. Poly- 
mers obtained from these combinations can be 
applied to uses such as microwave ovens which 
require heat resistance. 

A catalyst is usually used in the preparation of 
polymer in the invention both by the direct con- 
densation process and by the ring-opening poly- 
merization process of the cyclic ester intermediate 
of hydroxycarboxylic acid. 

Catalysts which can be usually used are met- 
als, metal oxides and metal salts of the groups II, 
III, IV and V in the periodic table and include, for 
example, zinc powder, tin powder, aluminum, mag- 
nesium and other metals; antimony oxide, Zinc 
oxide, tin oxide, aluminum oxide, magnesium ox- 
ide, titanium oxide and other metal oxides; stan- 
nous chloride, stannic chloride, stannous bromide, 
stannic bromide, antimony fluoride, zinc chloride, 
magnesium chloride, aluminum chloride and other 
metal halides; magnesium carbonate, zinc carbon- 
ate and other metal carbonates; stannous acetate, 
stannous octoate, stannous lactate, zinc acetate, 
aluminum acetate and other metal organic carbox- 
ylates; and tin trifluoromethanesulfonate, zinc 



trifluoromethanesulfonate, magnesium 
trifluoromethanesulfonate, tin methanesulfonate, tin 
p-toluenesulfonate and other metal organic sul- 
fonates. Further catalysts include dibutyltin oxide 

5 and other organometal oxides of the above metals; 
titanium isopropoxide and other metal alkoxides of 
the above metals; diethylzinc and other alkyl met- 
als of the above metals; DOWEX and AMBERLITE 
and other ion exchange resins; sulfuric acid, 

w methanesuifonic acid, p-toluenesulfonic acid and 
other protonic acids. Metals and metal oxides are 
usually used as a catalyst in order to obtain a high 
molecular weight polymer. Metals and compounds 
of tin and zinc are preferred and tin metal and a tin 

75 compound are more preferred in view of a high 
polymerization velocity and a molecular weight 
polymer obtained. 

The amount of the catalyst is 0.0001-10 % by 
weight, preferably 0.01-5 % by weight of the raw 

20 materials. 

The ring-opening polymerization of the cyclic 
ester of hydroxycarboxylic acid is usually carried 
out without solvent and thus the polymer is in a 
molten state. On the other hand, the direct de- 

25 hydration polycondensation is carried out in a sol- 
vent and thus the polymer is dissolved in the 
solvent. 

The polymerized mass of the aliphatic polyes- 
ter obtained by polymerization process contains 

30 several percents of unreacted raw materials, chain 
and cyclic oligomers and other low molecular 
weight compounds; an active catalyst used for the 
polymerization; and a solvent depending upon 
polymerization processes. 

35 The process of the invention deactivates the 
catalyst while maintaining the aliphatic polyester 
thus obtained in a molten or dissolved state or 
insolubilizes and separates the catalyst, and suc- 
cessively removes the low molecular weight com- 

40 pounds. The aliphatic polyester obtained by ring- 
opening polymerization contains the polymer in a 
molten state after finishing the polymerization and 
thus purification is more readily carried out in view 
of operations by deactivating the catalyst and suc- 

45 cessively removing the low molecular compounds. 
On the other hand, the aliphatic polyester obtained 
by direct dehydration polycondensation in a solvent 
is preferably purified by insolubilizing and separat- 
ing the catalyst and successively removing the low 

so molecular weight compounds. 

Low molecular weight compounds include of 
oligomers having a molecular weight of 500 or less 
and unreacted raw materials. Particularly, cyclic 
esters of hydroxycarboxylic acids, for example, lac- 

55 tide, glycolide and € -caprolactone are preferably 
removed. 

Exemplary processes for deactivating the cata- 
lyst in the invention include a process for using 
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protonic acid as a catalyst and adding a basic 
compound to the aliphatic polyester obtained, and 
a process for using a metal compound as a cata- 
lyst and adding an acid to the aliphatic polyester 
after finishing polymerization. Metal compounds are 
usually used as a catalyst in order to obtain a high 
molecular weight polymer and thus the process for 
adding the acid is preferably used. Representative 
acids which can be used include, for example, 
sulfuric acid, phosphoric acid, phosphorous acid 
and pyrophosphoric acid. Phosphoric acid and 
pyrophosphoric acid are preferred in view of the 
effect and can be added directly or as a solution in 
a suitable organic solvent. 

The amount of these compounds differs de- 
pending upon the acid used, the raw materials 
polymerized and the kind and concentration of the 
catalyst. In the case of phosphoric acid or 
pyrophosphoric acid, the amount is 1 .00 equivalent 
or more, preferably 1.05-4.5 equivalents to the 
catalyst contained. 

When the amount is lower than the above 
range, the contained catalyst cannot be completely 
deactivated and finally impairs the heat resistance 
and weatherability of the aliphatic polyester ob- 
tained. On the other hand, the amount of addition 
exceeding 4.5 equivalents no longer has enhance- 
ment effect and is unfavorable in economy. 

In order to deactivating the catalyst by bringing 
into contact with the acid, stirring is continued at a 
usual polymerization temperature for 0.5-20 hours, 
preferably for 1-10 hours, more preferably for 1-5 
hours. 

Solvents which can dissolve the aliphatic poly- 
ester can be used for treating the aliphatic polyes- 
ter in the process of insolubilizing and separating 
the catalyst in the invention. Exemplary solvents 
which can be used include benzene, toluene, xy- 
lene and other hydrocarbons; acetone, methyl ethyl 
ketone, acetophenone and other ketones; 
methylene chloride, chloroform, 1,2-dichloroethane 
and other halogenated hydrocarbons; N,N- 
dimethylformamide, N,N-dimethylacetamide, 
dimethyl sulfoxide and other aprotic polar solvents; 
and diphenyl ether, anisole and other ethers. A 
mixture of various organic solvents can also be 
used. Concentration of the aliphatic polyester dis- 
solved in the organic solvent is usually 3 -50 % by 
weight. However, no particular limitation is imposed 
upon the concentration so long as the solution of 
the aliphatic polyester can be stirred. When an 
organic solvent is used in the polymerization, the 
reaction mixture can be used as intact for the 
treatment after finishing the polymerization. 

Acidic substances which can be used for in- 
solubilizing and separating the catalyst include, for 
example, hydrogen chloride, sulfuric acid, nitric 
acid, phosphoric acid, pyrophosphoric acid and 



other inorganic acids; and methanesuifonic acid, p- 
toluenesulfonic acid and other organic sulfonic ac- 
ids. Sulfuric acid, phosphoric acid and 
pyrophosphoric acid are preferred in the inorganic 
5 acids. 

The amount of the acidic substance used is 
usually 1.00-10.0 equivalents, preferably 1.05-8.0 
equivalents to the catalyst contained. When the 
amount is less than the above range, the effect for 

70 catalyst removal is liable to decrease. On the other 
hand, the amount more than 10.0 equivalents leads 
to problems such as deterioration of the polymer. 
Further, use of the acidic substance in excess 
exhibits no effect on the catalyst removal and addi- 

75 tionally requires excess purification for removing 
the acidic substance in the later steps. 

The treatment by the acidic substance is usu- 
ally carried out in the temperature range of 0-150 
•C. The temperature range, however, differs de- 

20 pending upon the acidic substance used. For ex- 
ample, in the case of sulfuric acid and organic 
sulfonic acids such as methanesuifonic acid and p- 
toluenesulfonic acid, the temperature range is 0-60 
•C, preferably 10-50 *C. In the case of phos- 

25 phorus base compounds such as phosphoric acid 
and pyrophosphoric acid, the temperature range is 
20 -150 , C, preferably 50-130 *C. When the tem- 
perature is lower than the above range, the velocity 
of catalyst conversion to precipitate becomes slow. 

30 On the other hand, the temperature higher than the 
above range leads to deterioration of the polymer. 
Contact time of the acidic substance is adequately 
0.1-24 hours, preferably 0.5-12 hours. Contact time 
less than 0.1 hour sometimes leads to insufficient 

35 removal of the catalyst. On the other rand, contact 
time exceeding 24 hours results in deterioration 
depending upon the compound. 

Contact of the acidic substance can be carried 
out by any method, that is, batchwise, semibatch- 

40 wise and continuously. 

After insolubilizing the catalyst, the aliphatic 
polyester solution contains remained acidic sub- 
stance. The acidic substance sometimes decom- 
poses the aliphatic polyester in the steps such as 

45 concentration for isolating the aliphatic polyester, 
and thus must be neutralized depending on suc- 
cessive operations, if desired. Neutralizing agents 
for the acidic substance are alkali metal and alkali 
earth metal carbonates such as sodium carbonate, 

50 potassium carbonate, calcium carbonate and mag- 
nesium carbonate. After finishing the neutralization, 
insoluble matter and the insolubilized catalyst were 
removed by filtration to obtain an aliphatic polyes- 
ter solution which does not contain insoluble mat- 

55 ter. The neutralizing agent is used in an amount 
enough to completely neutralize the acidic sub- 
stance remained in the aliphatic polyester solution. 
Neutralization is carried out for the time sufficient 
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to react the acidic substance with the neutralizing 
agent. The neutralizing agent is added to the al- 
iphatic polyester solution and stirred usually for 10 
minutes or more, preferably 30 minutes or more. 
No particular limitation is placed upon the neu- 5 
tralization temperature. 

Neutralization is usually carried out at the sane 
temperature as the treatment temperature with the 
acidic substance. 

After deactivating the catalyst or insolubilizing 10 
and removing the catalyst by these operations, the 
aliphatic polyester is isolated by removing the low 
molecular weight compounds. Removal of the low 
molecular weight compounds can be carried out, 
for example, by dissolving the aliphatic polyester in 15 
a solvent and cooling the solution to crystallize the 
aliphatic polyester, by adding a lean solvent to the 
aliphatic polyester solution and precipitating the 
aliphatic polyester in the form of crystals, and by 
distilling off the solvent and the low molecular 20 
weight compounds from the aliphatic polyester so- 
lution. The low molecular weight compounds are 
preferably removed by distillation. 

In the present invention, distillation of the low 
molecular weight compound means distillation of 25 
the low molecular weight compound dissolved in 
the solvent and evaporation of the low molecular 
weight compound contained in the polymer. 

Distillation conditions for isolating the aliphatic 
polyester depend upon the equipment for carrying 30 
out distillation. The distillation is usually carried out 
at 300 0 C or less. When the aliphatic polyester is 
maintained at too high temperature for a long time, 
the polyester is liable to decompose. Thus, pre- 
ferred temperature is 250 0 C or less. On the other 35 
hand, when the temperature is too low, prolonged 
time is required for distillation removal of the low 
molecular weight compounds. Thus, preferred tem- 
perature is 120 *C or more. The pressure in the 
system depends upon the operation temperature 40 
and is usually 50 mmHg or less, preferably 10 
mmHg or less, more preferably 5 mmHg or less. 

Removing efficiency of the low molecular 
weight compounds contained in the aliphatic poly- 
ester can also be enhanced by ventilating an inert 45 
gas through the system in the distillation under 
reduced pressure. Exemplary inert gases include 
nitrogen, helium, neon and argon. Nitrogen is pref- 
erably used. 

The time required for removing the low molec- 50 
ular weight compounds by distillation differs de- 
pending upon the kind of aliphatic polyester, dis- 
tillation temperature, level of pressure reduction 
and distillation equipment. For example, the low 
molecular weight compounds in a homopolymer of 55 
L-lactic acid can be satisfactorily removed at 180- 
200 *C for 5-6 hours under reduced pressure of 5 
mmHg or less. When the distillation is carried out 



above 250 'C, the low molecular weight com- 
pounds can be removed in an enhanced efficiency 
and distillation time can be reduced. However, too 
high temperature is unfavorable because the poly- 
mer is liable to decompose. On the other hand, at 
temperature lower than 120 *C, it takes a long 
time to remove the low molecular weight com- 
pounds. Distillation time can be still more reduced 
by further reducing the distillation pressure and 
maintaining high vacuum. 

These processes can provide the aliphatic 
polyester which contains the catalyst in a deacti- 
vated state, preferably, an amount of 100 ppm or 
less, more preferably 50 ppm or less and the low 
molecular weight compounds in a residual amount 
of 1 % or less, and is excellent in heat resistance 
and weatherability. 

Examples 

The present invention will now be illustrated in 
detail by way of examples. However, these exam- 
ples are not to be construed to limit the scope of 
the invention. 

Physical properties in the examples were mea- 
sured by the following method. 

[Average molecular weight of polymer] 

A weight average molecular weight of a poly- 
mer was measured by gel permeation chromatog- 
raphy under the following conditions using polysty- 
rene as the reference. 

Equipment : Shimadzu LC-10AD 

Detector : Shimadzu RID-6A 

Column : Hitachi Chemical Co. GL-S350DT-5 
+ GL-S370DT-5 

Solvent : Chloroform 

Concentration : 1 % 

Amount of charge : 20 ui 

Flow rate : 1.0 ml /mm 

[Content of low molecular weight compound] 

Aliphatic polyester was dissolved in chloroform 
and measured by gas chromatography with a hy- 
drogen flame ionization detector FID using a col- 
umn of Silicone OV-210 (2 m x3 mm <f>) at a 
column temperature of 140 "C. 

The low molecular weight compounds in the 
polymer was expressed in a unit of a weight %. 

[Content of catalyst] 

Measured by fluorescent X-ray spectroscopy 
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[Heat resistance test] 

A 5 % weight-loss temperature was measured 
with TG/DTA 220 (manufactured by Seiko Elec- 
tronic Industry Co.) in the air at a temperature 
rising rate of 10 *C/min. 

[Weatherability test] 

A press film having a thickness of 100 urn was 
prepared at 180 *C under pressure of 100 kg/cm 2 . 
The film obtained was placed in a Suga Standard 
Sunshine Weather-0-Meter at 60 0 C for 400 hours 
with a showering time of 18 minutes in a cycle of 
120 minutes. Tensile strength of the film was mea- 
sured before and after the test and a tensile 
strength retention at the break point was calculated. 

Preparation Example 1 

Into a thick-walled cylindrical stainless-steel 
polymerization vessel equipped with a stirrer, 10 kg 
of L-lactide, 20 g (0.2 % by weight) of stannous 
octoate and 200 g (2 % by weight) of lauryl alcohol 
were sealed, deaerated for 2 hours under vacuum 
and then replaced with nitrogen gas. The mixture 
was heated at 180 °C for 3 hours with stirring in a 
nitrogen atmosphere. The pressure in the poly- 
merization vessel was reduced to 3 mmHg by 
gradually degassing with a vacuum pump by way 
of a venting tube and a glass receiver. After an 
hour from the start of degassing, the interior of the 
vessel was replaced by nitrogen. Poly L-lactic acid 
thus obtained was discharged from the bottom of 
the polymerization vessel in the form of a strand 
and cut into pellets. The polymer had an average 
molecular weight of 90,000, Sn content of 550 
ppm, and a lactide content of 2.8 % by weight. 

Preparation Example 2 

Pellets were prepared by carrying out the 
same procedures as described in Preparation Ex- 
ample 1 except that 10 kg of L-lactide was re- 
placed by 8 kg of L-lactide and 2 kg of DL-!actide. 
Poly DL-lactic acid thus obtained had an average 
molecular weight of 70,000, Sn content of 600 ppm 
and a lactic content of 3.1 % by weight. 

Preparation Example 3 

Pellets were prepared by carrying out the 
same procedures as described in Preparation Ex- 
ample 1 except that 10 kg of L-lactic acid was 
replaced by 8 kg of L-lactide and 2 kg of glycolide. 
A copolymer of L-lactide and glycolide thus ob- 
tained had an average molecular weight of 80,000, 
Sn content of 600 ppm, lactide content of 2.5 % 



and a glycolide content of 0.5 % by weight. 
Preparation Example 4 

5 After stirring 10 kg of 90 % by weight of L- 

lactic acid at 150 # C for 3 hours under reduced 
pressure of 50 mmHg while distilling out water, 
57.0 g of stannous chloride dihydrate was added 
and further stirred at 150 'C for 2 hours under 

70 reduced pressure of 30 mmHg to obtain an 
oligomer. To the oligomer, 21.1 kg of diphenyl 
ether was added and an azeotropic dehydration 
reaction was carried out at 150 °C under reduced 
pressure of 35 mmHg. Distilled solvent water was 

75 separated in a water separator and the solvent 
alone was returned to the reaction vessel. 

After 4 hours, the solvent-returning line was 
connected so as to return the solvent to the reac- 
tion vessel after passing through a column packed 

20 with 4.6 kg of molecular sieve 3A. The reaction was 
further continued for 40 hours at 150 °C under 
reduced pressure of 35 mmHg. The polymer solu- 
tion, thus obtained, contained polylactic acid having 
an average molecular weight of 120,000, 800 ppm 

25 of Sn (about 3200 ppm for the polymer) and 1 .2 % 
by weight of lactide (about 4.8 % for the polymer). 

Preparation Example 5 

30 After stirring 5 kg of 90 % by weight L-lactic 

acid and 0.6 g kg of 70 % by weight of glycolic 
acid at 1 40 * C for 3 hours under reduced pressure 
of 50 mmHg while distilling out water, 22.4 g of 
stannous chloride dihydrate was added and further 

35 stirred at 150 'C for 3 hours under reduced pres- 
sure of 50 mmHg to obtain an oligomer. To the 
oligomer, 6 kg of diphenyl ether was added and 
refluxed for 50 hours at 140 *C under reduced 
pressure of 25 mmHg while returning the distilled 

40 solvent to the reaction vessel after passing through 
a column packed with molecular sieve 3A. 

The polymer solution thus obtained contained 
the copolymer having an average molecular weight 
of 100,000, 1200 ppm of Sn (about 3040 ppm for 

45 the copolymer), 1.3 % by weight of lactide (about 
3.3 % for the copolymer) and 0.2 % by weight of 
glycolide (about 0.5 % for the copolymer). 

Preparation Example 6 

50 

An oligomer was prepared by heating 2.0 kg of 
ethylene glycol, 3.8 kg of succinic acid, 14.0 kg of 
diphenyl ether and 29.0 g of metallic tin powder 
with stirring at 130 *C for 7 fours under reduced 
55 pressure of 140 mmHg while distilling water out of 
the reaction system. An azeotropic dehydration 
was carried out on the oligomer at 140 *C for 8 
hours under reduced pressure of 30 mmHg. A 
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column packed with molecular sieve 3A was moun- 
ted on the reaction vessel so as to return the 
distilled solvent to the reaction vessel after passing 
through the column. The reaction was further con- 
tinued with stirring at 130 °C for 50 hours under 
reduced pressure of 17 mmHg. A copolymer solu- 
tion having an average molecular weight of about 
120,000 was obtained. The copolymer solution was 
filtered to remove the metallic tin powder. The 
copolymer solution had a Sn content of 900 ppm. 

Example 1 

After heat-melting 2 kg of poly L-lactic acid 
obtained in Preparation Example 1 at 180 *C in a 
nitrogen atmosphere, 1.65 g of pyrophosphoric 
acid (2.0 equivalents to divalent Sn) was added and 
stirred at 180 'C for an hour to deactivate the 
catalyst. The mixture was gradually degassed with 
a vacuum pump through a vent tube and a glass 
receiver while maintaining the sane temperature. 
The pressure in the system was finely reduced to 3 
mmHg and contained low molecular weight com- 
pounds were removed by distillation. After main- 
taining the reaction system under reduced pressure 
of 3 mmHg for 5 hours, the reaction vessel was 
substituted with nitrogen and poly L-lactic acid 
obtained was discharged in the form of a strand 
and cut into pellets. The polymer obtained had an 
average molecular weight of 90,000 which was 
equal to that of the original poly L-lactic acid. 

The content of residual lactide in the polymer 
obtained was 0.2 %. The polymer obtained had a 5 
% weight loss temperature of 320 *C in the heat 
resistance test. The press film obtained had a 
tensile strength of 600 kg/cm 2 before the weather- 
ability test and a strength retention of 90 % after 
400 hours of the weatherability test. 

Example 2 

The same treatment of poly L-lactic acid was 
carried out as described in Example 1 except that 
the low molecular weight compound was removed 
by distillation while bubbling nitrogen gas through a 
capillary tube from the bottom of the reaction ves- 
sel. 

Poly L-lactic acid thus obtained had an average 
molecular weight of 90,000 which did not differ 
from the original molecular weight. The content of 
residual lactide in the polymer was 0. 1 %. The 
polymer obtained had a 5 % weight loss tempera- 
ture of 320 *C in the heat resistance test. The 
press film obtained had a tensile strength of 600 
kg/cm 2 before the weatherability test and a strength 
retention of 95 % after 400 hours of the weather- 
ability test. 



Example 3 

The same treatment of poly L-lactic acid was 
carried out as described in Example 1 except that 

5 pyrophosphoric acid was replaced by 1.4 g of 98 
% phosphoric acid (2.0 equivalents to divalent Sn). 

Poly L-lactic acid thus obtained had an average 
molecular weight of 90,000 which did not differ 
from the original molecular weight. The content of 

w residual lactide was 0.2 %. The polymer obtained 
had a 5 % weight loss temperature of 320 'C in 
the heat resistance test. The press film obtained 
had a tensile strength of 550 kg/cm 2 before the 
weatherability test and a strength retention of 90 % 

75 after 400 hours of the weatherability test. 

Example 4 

After heat-melting 2 kg of poly D L-lactic acid 

20 obtained in Preparation Example 2 at 180 *C in a 
nitrogen atmosphere, 1.65 g of pyrophosphoric 
acid (2.0 equivalent to divalent Sn) was added and 
stirred at 180 °C for an hour to deactivate the 
catalyst. The mixture was gradually degassed with 

25 a vacuum pump through a vent tube and a glass 
receiver while maintaining the same temperature. 
The pressure in the system was finally reduced to 
3 mmHg and contained low molecular weight com- 
pounds were removed by distillation. After main- 

30 taining the reaction system under reduced pressure 
of 3 mmHg for 5 hours, the reaction vessel was 
substituted with nitrogen and poly DL-lactic acid 
obtained was discharged in the form of a strand 
and cut into pellets. 

35 The copolymer obtained had an average mo- 
lecular weight of 70,000 which did not differ from 
the original molecular weight. The content of resid- 
ual lactide in the copolymer was 0.2 %. The 
copolymer obtained had a 5 % weight loss tem- 

40 perature of 310 *C in the heat resistance test. The 
press film obtained had a tensile strength of 530 
kg/cm 2 before the weatherability test and a strength 
retention of 90 % after 400 hours of the weather- 
ability test. 

45 

Example 5 

After heat-melting 2 kg of the L-lac- 
tide/glycolide copolymer obtained in Preparation 

so Example 3 at 1 80 • C in a nitrogen atmosphere. 1 .8 
g of pyrophosphoric acid (2.0 equivalents to diva- 
lent Sn) was added and stirred at 180 *C for an 
hour to deactivate the catalyst. Thereafter, the mix- 
ture was gradually degassed with a vacuum pump 

55 through a vent tube and a glass receiver while 
maintaining the same temperature. The pressure in 
the system was finally reduced to 3 mmHg and 
contained low molecular weight compounds were 



8 



15 



EP 0 644 219 A1 



16 



removed by distillation. After maintaining the reac- 
tion system under reduced pressure of 3 mmHg for 
5 hours, the reaction vessel was substituted with 
nitrogen and the copolymer obtained was dis- 
charged in the form of a strand and cut into pellets. 

The copolymer thus obtained had an average 
molecular weight of 80,000 which did not differ 
from the original molecular weight. The copolymer 
had a residual lactide and glycolide of 0.1 % and 
0.1 %, respectively. The copolymer thus obtained 
had a 5 % weight loss temperature of 320 *C in 
the heat resistance test. The press film obtained 
had a tensile strength of 590 kg/cm 2 before the 
weatherability test and a strength retention of 90 % 
after 400 hours of the weatherability test. 

Example 6 

After maintaining 4 kg of the poly L-lactic acid 
solution obtained in Preparation Example 4 at 150 
•C in a nitrogen atmosphere, 2.4 g of 
pyrophosphoric acid (2.0 equivalents to divalent 
Sn) was added and stirred with heating for an hour 
to deactivate the catalyst. Thereafter, the tempera- 
ture was raised to 180 °C, and the mixture was 
gradually degassed with a vacuum pump through a 
venting tube and a glass receiver. The pressure in 
the system was finally reduced to 3 mmHg, and 
diphenyl ether solvent and contained low molecular 
weight compounds were removed by distillation. 
After maintaining the reaction system under re- 
duced pressure of 3 mmHg for 5 hours, the reac- 
tion vessel was substituted with nitrogen and the 
polymer was discharged in the form of a strand 
and cut into pellets. 

Poly L-lactic acid thus obtained had an average 
molecular weight of 120,000 which did not differ 
from the original molecular weight. The content of 
residual lactide in the polymer was 0.2 %. The 
polymer obtained had a 5 % weight loss tempera- 
ture of 315 *C in the heat resistance test. The 
press film obtained had a tensile strength of 620 
Kg/cm 2 before the weatherability test and a 
strength retention of 90 % after 400 hours of the 
weatherability test. 



and dried to remove the solvent. Poly L-lactic acid 
was obtained in the form of powder. 

The polymer obtained had an average molecu- 
lar weight of 120,000 which did not differ from the 

5 original molecular weight. The content of residual 
lactide in the polymer was 0.1 %. The polymer 
obtained had a 5 % weight loss temperature of 320 
•C in the heat resistance test. The process film 
obtained had a tensile strength of 600 kg/cm 2 be- 

w fore the weatherability test, and a strength retention 
of 95 % after 400 hours of the weatherability test. 

Example 8 

75 To a table-top kneader, 2 kg of poly L-lactic 
acid obtained in Preparation Example 1 was 
charged and melted at 180 *C in a nitrogen at- 
mosphere. Thereafter 1.65 g of pyrophosphoric 
acid (2.0 equivalents to divalent Sn) was added and 

20 kneaded at 180 *C for an hour to deactivate the 
catalyst. The kneader was then cooled to 120 *C 
and gradually evacuated with a vacuum pump 
through a vent tube and a glass receiver. The 
pressure in the system was finally reduced to 3 

25 mmHg to remove contained low molecular weight 
compounds by distillation. Poly L-lactic acid was 
solidified at a system temperature of 120 *C, and 
the removal by distillation of the low molecular 
weight compounds was carried out under forced 

30 grinding of poly L-lactic acid in the table-top knead- 
er. After maintaining the system at 120 °C for 8 
hours under reduced pressure of 3 mmHg, the 
kneader was substituted with nitrogen and ground 
poly L-lactic acid was discharged. 

35 Poly L-lactic acid thus obtained had an average 

molecular weight of 90,000 which did not differ 
from the original molecular weight. The content of 
residual lactide was 0.2 %. The polymer obtained 
had a 5 % weight loss temperature of 320 • C in 

40 the heat resistance test. The press film obtained 
had a tensile strength of 600 kg/cm 2 before the 
weatherability test and a strength retention of 90 % 
after 400 hours of the weather ability test. 

45 Example 9 



Example 7 

After heating 4 kg of the poly L-lactic acid 
solution obtained in Preparation Example 4 at 150 
•C in a nitrogen atmosphere, 2.4 g of 
pyrophosphoric acid (2.0 equivalents to divalent 
Sn) was added and stirred at 150 °C for an hour to 
deactivate the catalyst. Thereafter, 4 kg of diphenyl 
ether was added to the solution and cooled to 40 
•C to crystallize the polymer. The crystallized 
polymer was filtered, washed with isopropyl alcohol 
to remove the low molecular weight compounds, 



To a solution obtained by dissolving 0.5 kg of 
poly L-lactic acid of Preparation Example 1 in 4.5 
kg of chloroform, 0.5 g of 98 % sulfuric acid (2.2 

so equivalents to divalent Sn) was added and stirred 
at 25 "C for 6 hours. Thereafter 15.0 g of calcium 
carbonate was added and stirred at 25 *C for 30 
minutes. The mixture was then filtered to remove 
the precipitated catalyst and other impurities. Chlo- 

55 roform solvent was distilled off from the filtrate 
under reduced pressure. Low molecular weight 
compounds were successively removed from the 
filtrate at 180 'C under reduced pressure of 3 
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mmHg. The remained system was further heated at 
180 °C for 5 hours under reduced pressure of 3 
mmHg. The reaction vessel was substituted with 
nitrogen and the polymer was discharged in the 
form of a strand and cut into pellets. 

The polymer obtained had an average molecu- 
lar weight of 90,000 which did not differ from the 
original molecular weight. The polymer had a resid- 
ual lactide content of 0.2 % and a Sn content of 10 
ppm. The polymer obtained had a 5 % weight loss 
temperature of 320 • C in the heat resistance test. 
The press film obtained had a tensile strength of 
610 kg/cm 2 before the weatherability test and a 
strength retention of 1 00 % after 400 hours of the 
weatherability test. Consequently, both heat resis- 
tance and weatherability were good. 

Example 10 

After dissolving 0.5 kg of poly DL-lactic acid 
obtained in Preparation Example 2 in 4.5 kg of 1,2- 
dichloroethane, 0.5 g of 98 % sulfuric acid (2.2 
equivalents to divalent Sn) was added and stirred 
at 25 *C for 4 hours. Successively 15.0 g of 
calcium carbonate was added and stirred at 25 * C 
for 30 minutes. The mixture was filtered to remove 
the precipitated catalyst and other impurities and 
1 ,2-dichloroethane solvent was distilled off from the 
filtrate under reduced pressure. Low molecular 
weight compounds were removed by finally reduc- 
ing the internal pressure of the system to 3 mmHg 
at 180 *C. After maintaining the reaction system at 
180 *C for 5 hours under reduced pressure of 3 
mmHg, the react ion vessel was substituted with 
nitrogen and the copolymer was discharged in the 
form of a strand and cut into pellets. 

The polymer obtained had an average molecu- 
lar weight of 70,000 which did not differ from the 
original molecular weight The polymer also had a 
residual lactide content of 0.2 % and a Sn content 
of 7 ppm. The polymer obtained had a 5 % weight 
loss temperature of 310 in the heat resistance 
test. The press film obtained had a tensile strength 
of 540 kg/cm 2 before the weatherability test and a 
strength retention of 100 % after 400 hours of the 
weatherability test. Thus, both heat resistance and 
weatherability were good. 

Example 1 1 

After dissolving 0.5 kg of the L-lactide/glycolide 
copolymer obtained in Preparation Example 3 in 
4.5 kg of chloroform. 0.6 g of 98 % sulfuric acid 
(2.4 equivalents to divalent Sn) was added and 
stirred at 25 • C for 4 hours. Successively 20.0 g of 
calcium carbonate was added and further stirred at 
25 *C for 30 minutes. The mixture was filtered to 
remove the precipitated catalyst and other impuri- 



ties. The chloroform solvent was distilled off from 
the filtrate under reduced pressure. Low molecular 
weight compounds were removed by finally reduc- 
ing the internal pressure of the system to 3 mmHg 

5 at 180° C. After maintaining the reaction system at 
180 °C for 5 hours under reduced pressure of 3 
mmHg, the reaction vessel was substituted with 
nitrogen and the copolymer was discharged in the 
form of a strand and cut into pellets. 

w The copolymer obtained had an average mo- 
lecular weight of 80,000 which did not differ from 
the original molecular weight. The copolymer ob- 
tained had a residual lactide and glycolide of 0.1 % 
and 0.1 % respectively, and a Sn content of 10 

75 ppm. The copolymer obtained had a 5 % weight 
loss temperature of 315 *C in the heat resistance 
test. The press film obtained had a tensile strength 
of 580 kg/cm 2 before the weatherability test and a 
strength retention of 95 % after 400 hours of the 

20 weatherability test. Thus, both heat resistance and 
weatherability were good. 

Example 12 

25 After adding 3.0 kg of chloroform to 2.0 kg of 

the poly L-lactic acid solution obtained in Prepara- 
tion Example 4. 2.7 g of 98 % sulfuric acid (2.0 
equivalents to divalent Sn) was added and stirred 
at 25 'C for 5 hours. Successively, 15.0 g of 

30 calcium carbonate was added and further stirred 
for 30 minutes. The mixture was filtered to remove 
the catalyst and other impurities. The solvent chlo- 
roform and diphenyl ether were distilled off from 
the filtrate under reduced pressure. Low molecular 

35 weight compounds were removed by finally reduc- 
ing the internal pressure of the system to 3 mmHg 
at 180 °C. After maintaining the reaction system at 
180 *C for 5 hours under reduced pressure of 3 
mmHg, the reaction vessel was substituted with 

40 nitrogen and the polymer was discharged in the 
form of a strand and cut into pellets. 

The polymer obtained had an average molecu- 
lar weight of 120,000 which did not differ from the 
original molecular weight. The polymer had a resid- 

45 ual lactide content of 0.2 % and a Sn content of 7 
ppm. The polymer obtained had a 5 % weight loss 
temperature of 320 • C in the heat resistance test. 
The press film obtained had a tensile strength of 
600 kg/cm 2 before the weatherability test and a 

so strength retention of 100 % after 400 hours of the 
weatherability test. Thus, both heat resistance and 
weatherability were good. 

Example 13 

55 

After adding 3.0 kg of diphenyl ether to 2.0 kg 
of the poly L-Iactic acid solution obtained in Prep- 
aration Example 4, 3.6 g pyrophosphoric acid (3.0 
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equivalents to divalent Sn) was added and stirred 
at 110 *C for 5 hours. The mixture was filtered to 
remove the insolubiiized catalyst. Successively the 
filtrate was cooled to 40 *C to crystallize the 
polymer. The crystallized polymer was filtered, 5 
washed with isopropyl alcohol to remove adhered 
low molecular weight compounds and dried under 
reduced pressure to obtain powdery poly L-lactic 
acid. 

The polymer obtained had an average molecu- 10 
lar weight of 120,000 which did not differ from the 
original molecular weight. The polymer also had a 
residual lactide content of 0.1 % and a Sn content 
of 8 ppm. The polymer obtained had a 5 % weight 
less temperature of 320 °C in the heat resistance 15 
test. The press film obtained had a tensile strength 
of 600 kg/cm 2 before the weatherability test and a 
strength retention of 100 % after 400 hours of the 
weatherability test. Thus, both heat resistance and 
weatherability were good. 20 

Example 14 

After adding 3.75 kg of chloroform to 1 .25 kg of 
the copolymer solution obtained in Preparation Ex- 25 
ample 5. 2.5 g of 98 % sulfuric acid (2.0 equiv- 
alents to divalent Sn) was added and stirred at 25 
°C for 5 hours. Successively, 15.0 g calcium car- 
bonate was added and further stirred for 30 min- 
utes. The mixture was filtered to remove the de- 30 
posited catalyst and other insoluble substances. 
The solvents, chloroform and diphenyl ether, were 
distilled off from the filtrate under reduced pres- 
sure. Low molecular weight compounds were re- 
moved by finally reducing the internal pressure of 35 
the system to 3 mmHg at 180 *C . After maintain- 
ing the reaction system at 180 *C for 5 hours 
under reduced pressure of 3 mmHg, the reaction 
vessel was substituted with nitrogen and the 
copolymer was discharged in the form of a strand 40 
and cut into pellets. 

The copolymer obtained had an average mo- 
lecular weight of 100,000 which did not differ from 
the original molecular weight. The copolymer also 
had a residual lactide and glycolide content of 0.1 45 
% and 0.1 %, respectively, and a Sn content of 10 
ppm. The copolymer obtained had a 5 % weight 
less temperature of 310 *C in the heat resistance 
test. The press film obtained had a tensile strength 
of 570 kg/cm 2 before the weatherability test and a 50 
strength retention of 95 % after 400 hours of the 
weatherability test. Thus, both heat resistance and 
weatherability were good. 

Example 15 55 

After adding 3.0 kg of chloroform to 2.0 kg of 
the copolymer solution obtained in Preparation Ex- 



ample 6, 2.7 g of pyrophosphoric acid (2.0 equiv- 
alents to divalent Sn) was added and stirred at 60 
*C for 5 hours. Successively, 15.0 g of calcium 
carbonate was added and further stirred at 60 °C 
for an hour. The mixture was filtered to remove the 
deposited catalyst and other insoluble substances. 
The solvents, chloroform and diphenyl ether, was 
removed from the filtrate by distillation under re- 
duced pressure. Low molecular weight compounds 
were distilled off by finally reducing the internal 
pressure of the system to 3 mmHg at 180 *C. 
Distillation of the low molecular weight compound 
ceased after heating at 180 °C for 5 hours under 
reduced pressure of 3 mmHg. Thereafter, the reac- 
tion vessel was substituted with nitrogen and the 
polymer was discharged in the form of a strand 
and cut into pellets. 

The copolymer obtained had an average mo- 
lecular weight of 120,000 which did not differ from 
the original molecular weight. The copolymer also 
had a Sn content of 7 ppm. The copolymer ob- 
tained had a 5 % weight loss temperature of 
300° C in the heat resistance test. The press film 
obtained had a tensile strength of 350 kg/cm 2 be- 
fore the weatherability test and a retention of 100 
% after 400 hours of the weatherability test. Thus, 
both heat resistance and weatherability were good. 

Comparative Example 1 

The same treatment as described in Example 1 
was carried out except that 0.4 g of pyrophosphoric 
acid (0.5 equivalent to divalent Sn) was added. 

Poly L-lactic acid obtained had an average 
molecular weight of 90,000 which did not differ 
from the original molecular weight. However, poly 
L-lactic acid had a residual lactide content of 0.3 
%. The polymer obtained had a 5 % weight loss 
temperature of 280 • C in the heat resistance test. 
The press film obtained had a tensile strength of 
600 kg/cm 2 before the weatherability test and a 
strength retention was reduced to 60 % after 400 
hours of the weatherability test. Thus, both heat 
resistance and weatherability were inferior to those 
of Example 1 . 

Comparative Example 2 

The same treatment as described in Example 1 
was carried out except that low molecular weight 
compounds were removed by distillation at 260 
•C. 

Poly L-lactic acid obtained was dark brown 
colored and the average molecular weight was de- 
creased to 40,000. 
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Comparative Example 3 

The same treatment as described in Example 1 
was carried out except that low molecular weight 
compounds were removed by distillation at 180 *C 
under reduced pressure of 20 mm Hg. 

Poly L-lactic acid obtained had an average 
molecular weight of 90,000 which did not differ 
from the original molecular weight. However, the 
residual lactide content was 1.5 %. The polymer 
obtained had a 5 % weight loss temperature of 280 
• C in the heat resistance test. The press film had a 
tensile strength of 590 kg/cm 2 before the weather- 
ability test and a strength retention of 70 % after 
400 hours of the weatherability test. Thus, both 
heat resistance and weatherability were inferior to 
those of Example 1 . 

Comparative Example 4 

After heat-melting 2 kg of poly L-lactic acid 
obtained in Preparation Example 1 at 180 *C in a 
nitrogen atmosphere, the system was gradually de- 
gassed with a vacuum pump through a vent tube 
and a glass receiver. Contained low molecular 
weight compounds were distilled off by finally re- 
ducing the internal pressure of the system to 3 
mmHg. After maintaining the pressure in the sys- 
tem at 3 mmHg for 5 hours, the reaction vessel 
was substituted with nitrogen and poly L-lactic acid 
was discharged in the form of a strand and cut into 
pellets. 

Poly L-lactic acid obtained had an average 
molecular weight of 90,000 which did not differ 
from the original molecular weight. Poly L-lactic 
acid also had a residual lactide content of 0.7 % 
and a Sn content of 560 ppm. The polymer ob- 
tained had a 5 % weight loss temperature of 270 
*C in the heat resistance test. The press film 
obtained had a tensile strength of 600 kg/cm 2 be- 
fore the weatherability test. However, the strength 
retention was only 50 % after 400 hours of the 
weatherability test. Thus, both heat resistance and 
weatherability were poor. 

Comparative Example 5 

After heat-melting 2 kg of the copolymer ob- 
tained in Preparative Example 2 at 180 *C in a 
nitrogen atmosphere, the system was gradually de- 
gassed with a vacuum pump through a vent tube 
and a glass receiver. Contained low molecular 
weight compounds were distilled off by finally re- 
ducing the internal pressure of the system to 3 
mmHg. After maintaining the pressure in the sys- 
tem at 3 mmHg for 5 hours, the reaction vessel 
was substituted with nitrogen and the copolymer 
was discharged in the form of a strand and cut into 



pellets. The copolymer obtained had an average 
molecular weight of 70,000 which did not differ 
from the original molecular weight. The copolymer 
obtained had a residual lactide content of 0.6 % 

5 and a Sn content of 560 ppm. 

The copolymer obtained had a 5 % weight loss 
temperature of 270 • C in the heat resistance test. 
The press film obtained had a tensile strength of 
540 kg/cm 2 before the weatherability test. However, 

w the strength retention was only 40 % after 400 
hours of the weatherability test. Thus, both heat 
resistance and weatherability were poor. 

Comparative Example 6 

75 

After heat melting 2 kg of the copolymer ob- 
tained in Preparation Example 3 at 180 °C in a 
nitrogen atmosphere. The system was gradually 
degassed with a vacuum pump through a vent tube 

20 and a glass receiver. Contained low molecular 
weight compounds were distilled off by finally re- 
ducing the internal pressure of the system to 3 
mmHg. After maintaining the pressure in the sys- 
tem at 3 mmHg for 5 hours, the reaction vessel 

25 was substituted with nitrogen and the copolymer 
was discharged in the form of a strand and cut into 
pellets. The copolymer obtained had an average 
molecular weight of 80,000 which did not differ 
from the original molecular weight. The copolymer 

30 obtained also had a residual lactide and glycolide 
content of 0.6 % and 0.3 %. respectively, and a Sn 
content of 615 ppm. 

The copolymer obtained had a 5 % weight loss 
temperature of 265 • C. The press film obtained had 

35 a tensile strength of 570 kg/cm 2 . However, the 
strength retention was only 50 % after 400 hours of 
the weatherability test. Thus, both heat resistance 
and weatherability were poor. 

40 Comparative Example 7 

After heating 4 kg of the poly L-lactic acid 
solution obtained in Preparation Example 4 at 180 
°C in a nitrogen atmosphere, the system was 

45 gradually degassed with a vacuum pump through a 
vent tube and a glass receiver finally to a reduced 
pressure of 3 mmHg while distilling off the diphenyl 
ether solvent and low molecular weight com- 
pounds. After maintaining the pressure in the sys- 

50 tern at 3 mmHg for 5 hours, the reaction vessel 
was substituted with nitrogen and the polymer was 
discharged in the form of a strand and cut into 
pellets. 

Poly L-lactic acid obtained had an average 
55 molecular weight of 120,000 which did not differ 
from the original molecular weight. The polymer 
had a residual lactide content of 4.0 % and a Sn 
content of 3300 ppm. The polymer obtained had a 
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5 % weight loss temperature of 265 * C in the heat 
resistance test. The press film obtained had a 
tensile strength of 600 kg/cm 2 before the weather- 
ability test. However, cracks were developed on the 
film after 400 hours of the weatherability test and 
the strength retention could not be measured. 
Thus, both heat resistance and weatherability were 
poor. 

Comparative Example 8 

The same treatment as described in Example 1 
was carried out except that the low molecular 
weight compounds were distilled at 100°C. Poly L- 
lactic acid was solidified at 100 *C and thus treat- 
ment procedures were carried out without stirring. 
The treated product was discharged as intact. Poly 
L-lactic acid thus obtained had an average molecu- 
lar weight of 90,000 which did not differ from the 
original molecular weight. However, the content of 
the residual lactide was varied from 2.1 to 5.9 % 
depending upon the sampling portion. 

Claims 

1. A purification process of an aliphatic polyester 
prepared in the presence of a catalyst from 

(i) an aliphatic hydroxycarboxylic acid, 

(ii) a cyclic ester of the aliphatic hydrox- 
ycarboxylic acid, 

(iii) a combination of an aliphatic polyhydric 
alcohol and an aliphatic polybasic acid, or 

(iv) a mixture of compounds selected from 
the above from (i) to (iii), which comprises 
deactivating the catalyst or insolubilizing 
and separating the catalyst, while maintain- 
ing the aliphatic polyester in a molten or a 
dissolved state and successively removing 
low molecular weight compounds. 

2. A process of claim 1 wherein the catalyst is 
deactivated by bringing the aliphatic polyester 
into contact with a phosphoric acid or a phos- 
phorus acid and successively the low molecu- 
lar weight compounds are removed. 

3. A process of claim 2 wherein the phosphoric 
acid is phosphoric acid or pyrophosphoric 
acid. 

4. A process of claim 2 wherein the low molecu- 
lar weight compounds are removed by distilla- 
tion under reduced pressure. 

5. A process of claim 4 wherein the distillation 
under reduced pressure is carried out at 5 
mmHg or less. 



6. A process of claim 5 wherein the distillation is 
carried out at 120-150 *C. 

7. A process of claim 2 wherein the low molecu- 
5 lar weight compounds are removed by cry- 
stallization. 

8. A process of claim 1 wherein the catalyst is 
insolubilized and separated by bringing the 

w aliphatic polyester into contact with an acidic 

substance and successively the low molecular 
weight compounds are removed. 

9. A process of claim 8 wherein the acidic sub- 
15 stance is an inorganic acid or an organic sul- 
fonic acid. 

10. A process of claim 8 wherein the acidic sub- 
stance in excess is neutralized and succes- 

20 sively the catalyst is insolubilized and sepa- 

rated. 

11- A process of claim 8 wherein the low molecu- 
lar weight compounds are removed by distilla- 
25 tion under reduced pressure. 

12. A process of claim 11 wherein the distillation 
under reduced pressure is carried out at 5 
mmHg or less. 

30 

13. A process of claim 12 wherein the distillation is 
carried out at 120-250 °C. 

14. A process of claim 8 wherein the low molecu- 
35 lar weight compounds are removed by cry- 
stallization. 

15. A process of claim 1 wherein the aliphatic 
polyester is a homopolymer of the aliphatic 

40 hydroxycarboxylic acid or of the cyclic ester of 

the aliphatic hydroxycarboxylic acid. 

16. A process of claim 1 wherein the aliphatic 
polyester is a copolymer of the aliphatic 

45 hydroxycarboxylic acid or of the cyclic ester of 

the aliphatic hydroxycarboxylic acid. 

17. A process of claim 15 wherein the aliphatic 
hydroxycarboxylic acid is lactic acid, glycolic 

so acid or 6-hydroxycaproic acid. 

18. A process of claim 16 wherein the aliphatic 
hydroxycarboxylic acid is a mixture of com- 
pounds selected from lactic acid, glycolic acid 

55 and 6-hydroxycaproic acid. 

19. A process of claim 1 wherein the polybasic 
acid is succinic acid and the polyhydric alcohol 
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25 EP 0 644 219 A1 26 



is a diol selected from ethylene glycol and 1 ,4- 
butanediol. 

20. A preparation process of polylactic acid or a 
copolymer of lactic acid and other hydroxycar- 5 
boxylic acid in the presence of a catalyst, 
which comprises deactivating the catalyst after 
finishing a polymerization reaction and succes- 
sively removing low molecular compounds un- 
der reduced pressure. 10 

21. A purification process of an aliphatic polyester 
prepared in the presence of a catalyst from 

(i) an aliphatic hydroxycarboxylic acid, 

(ii) a cyclic ester of the aliphatic hydrox- 75 
ycarboxylic acid, 

(iii) a combination of an aliphatic polyhydric 
alcohol and an aliphatic polybasic acid, or 

(iv) a mixture of compounds selected from 

the above from (i) to (iii), which comprises 20 
dissolving the aliphatic polyester in an or- 
ganic solvent, insolubilizing and separating 
the catalyst by bringing the resultant solu- 
tion into contact with an acidic substance, 
and successively removing the solvent and 25 
low molecular weight compounds by distilla- 
tion. 



30 
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